Background: Hepatocellular carcinoma (HCC) is the sixth most common cancer in the world and the third most common cause of cancer-related mortality. Despite the widespread implementation of surveillance programs, more than half of the patients with HCC are diagnosed at late stages, when curative treatments (resection or liver transplantation) cannot be applied. For patients presenting with unresectable, non-transplantable HCC and a relatively preserved liver function, locoregional transarterial therapies are the main therapeutic options. Therefore, locoregional transarterial treatments play a key role in the management of HCC. The concept of catheter transarterial therapies is to selectively deliver anticancer treatments to liver tumors. This is possible due to the unique double irrigation of the liver and the predominantly arterial irrigation of liver tumors. Method: An exhaustive analysis of the literature, focused mainly on the last 25 years, has been carried out. Results: This review discusses the scientific evidence supporting the use of transarterial therapies for patients with HCC, including chemoembolization with conventional materials or drug-eluting beads, and internal radiation procedures such as the injection of radiation-loaded microspheres. Conclusion: Transarterial chemoembolization has been shown to improve the survival of those patients with unresectable HCC who have a preserved liver function and a low tumor burden. Recently developed devices and procedures, particularly drug-eluting beads and radioactive microspheres, may further improve the clinical outcome of patients receiving transarterial therapies. The combination with antiangiogenic agents is an appealing approach that should be explored. 
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer in the world and the third most common cause of cancer-related mortality [1] . Cirrhotic patients are at a special risk of developing HCC, and this underlying liver disease impacts both on the therapeutic decision and the survival [2] . Early diagnosis of HCC can be achieved by surveillance of atrisk populations [3, 4] . Despite the widespread implementation of surveillance programs, more than half of the patients with HCC are diagnosed at late stages when curative treatments (resection or liver transplantation) cannot be applied [5] . For patients presenting with unresectable, non-transplantable HCC and a relatively preserved liver function, locoregional transarterial therapies are the main therapeutic options.
Locoregional transarterial therapies for unresectable HCC consist of a catheter-based group of treatments where therapeutic and/or embolic agents are intra-arterially directed to target tumors. The unique double irrigation of the liver and the predominantly arterial irrigation of liver tumors, particularly primary liver cancer, are at the core of all transarterial therapies. The most common techniques used in HCC treatment are transarterial chemoembolization (TACE) with or without drug-eluting beads (DEB) and Yttrium 90 (90Y) radio embolization (90Y-RE). TACE combines local and targeted drug delivery with concurrent tumor-feeding artery embolization. 90Y-RE is a form of brachytherapy in which intra-arterially injected microspheres loaded with 90Y serve as sources for internal radiation purposes.
This review focuses on these transarterial procedures and their role in the management of patients with HCC. It has to be stressed that the scientific evidence supporting the use of locoregional transarterial therapy is heterogeneous. The results of clinical trials aimed at investigating the benefit of transarterial therapies in different groups of patients as well as the synergies between locoregional and systemic therapies will be available in the coming years.
Transarterial Chemoembolization
TACE comprises a wide variety of procedures that share two different aims: i) to increase the exposure of tumor cells to chemotherapeutic agents; and ii) to induce ischemic necrosis. To achieve these two goals, TACE procedures involve the injection of chemotherapeutic agents usually followed by the injection of embolizing particles.
Several variations of this technique have been demonstrated throughout the world and no standard protocol has been uniformly adopted. Centers have differed in the choice and/or dose of the anticancer agents used, anticancer agent alone or mixed with lipiodol, the choice of the embolizing agent used, selectivity of catheter positioning, embolization Iñarrairaegui/D'Avola/Sangro higher proportion of patients with one or two tumor nodules, and differed greatly in the etiology of HCC (mainly viral hepatitis in the two positive trials), while alcohol-related chronic liver disease was present in more than 70% of the patients in the negative trials.
However, three meta-analyses [6, 15, 21] have concluded that TACE improves the survival of patients with unresectable HCC. Most patients included in the meta-analysis had a fully preserved liver function (normal median values for total bilirubin, serum albumin, or prothrombin time) and a rather small tumor burden (either single lesions or multiple tumors affecting a single lobe with a median tumor size of 5-7 cm and a small proportion of patients with elevated alpha-fetoprotein (AFP)).
Based on these results, TACE has been established as the standard of care for patients who meet the criteria for the intermediate stage of the Barcelona Clinic Liver Cancer (BCLC) staging system, i.e., those with multinodular HCC, relatively preserved liver function, absence of cancer-related symptoms, and no evidence of vascular invasion or extrahepatic spread [2, 22] . selected patients with preserved liver function. Llovet et al. [16] prospectively studied the survival outcomes of patients treated with fixed interval (intention to treat) chemoembolization, embolization, and conservative measures. Survival outcomes showed a benefit in highly selected patients (younger than 75 years, free from main portal vein thrombosis (PVT), and preserved liver function) treated with chemoembolization and embolization versus those treated conservatively. The 2-year survival after conventional TACE reached 63% compared to 27% of the untreated control arm (p = 0.009). In a second randomized controlled trial, Lo et al. [17] used broader enrollment criteria with the inclusion of patients with limited PVT resulting in a 2-year survival of only 31%, although this outcome was still superior to that of the untreated control group (2-year survival 11%; p = 0.002). Three other clinical trials failed to show the superiority of TACE in terms of survival compared to best supportive care or other not effective systemic treatments such as tamoxifen [18] [19] [20] .
Unlike negative trials, the two trials with positive results recruited patients with slightly lower bilirubin levels, had a [31] n.r. -12.7 -EHD = Extrahepatic disease; n.r. = not reported; PI = portal invasion. 
TACE Using DEB

Technical Considerations
The concept of DEB-TACE is to load embolizing particles with various types of chemotherapeutic agents and to deliver them intra-arterially in a manner similar to that of conventional TACE. These beads are able to take up several drugs by ion exchange in vitro in a fixed dosing and to release them in vivo in a sustained fashion after intra-arterial injection. DEB are composed of either a sulfonate-modified poly(vinyl alcohol) hydrogel (DC Bead ® ; Biocompatibles, Surrey, UK) or a sodium acrylate and vinyl alcohol copolymer (HepaSphere™; BioSphere Medical, Inc., Rockland, MA, USA). For the treatment of HCC, both particles can be loaded with doxorubicin. Significant reductions of peak plasma concentrations have been observed with DEB when compared with conventional chemoembolization, suggesting that a greater amount of the anticancer agent is being sequestered by the tumor versus being released in the systemic circulation [55] . With regard to their embolizing properties, DEB tend to produce a more distal occlusion than polyvinyl alcohol particles, and the rate of recanalization is considerably lower [11] .
Clinical Evidence and Safety Profile
The first human reports on TACE with DEB in HCC [56, 57] supported the preclinical investigation and the results achieved in animal models, administering doses of up to 150 mg doxorubicin without relevant drug-related toxicity, consistent with reduced systemic exposure to the drug. Consistent objective response at a rate of 60-66.6% using the European Association for the Study of the Liver (EASL) criteria [57, 58] and of 70% according to mRECIST were reported [56] .
Postembolization syndrome was observed in 41 and 18% of the treated patients after the first and the second treatment, respectively. There were two cases of liver abscesses in the series from Varela [57] , and the treatment-related complication rate was 11% in the phase I-II study [56] .
In a large, international randomized controlled trial comparing conventional TACE with DEB-TACE using DC Beads, primary endpoints (superiority of DEB-TACE in achieving objective tumor response at 6 months according to EASL criteria and in producing fewer treatment-related serious adverse events in the first 30 days) were not met. Tumor response rates were 52 and 44% and time to progression (TTP) was 7.1 and 6.4 months for DEB-TACE and conventional TACE, respectively. However, DEB-TACE produced a significantly higher response rate in a small subgroup of patients carrying the worst prognosis (e.g., those with ChildPugh B, Eastern Cooperative Group Oncology (ECOG) 1, bilobar disease, and recurrent disease) and was associated with a significant reduction of doxorubicin-related side effects [59] . This potential advantage should be treated with caution as it comes from the analysis of a very small group of patients and as it is generally recognized that TACE should be indiHowever, in clinical practice, TACE has been applied to patients in other stages than the intermediate one; hence, survival is very heterogeneous and usually worse than that reported in clinical trials, as would be expected in a population that includes more diverse patients regarding liver function and tumor stage. Survival ranges widely in different series from 53 to 90% at 1 year, from 11 to 67% at 2 years, and from 8 to 26% at 5 years, reflecting the heterogeneous population treated [23] [24] [25] [26] [27] [28] [29] [30] [31] . According to the BCLC classification (table  1) , reported survival ranges from 16 to 45 months in BCLC-A stage, from 15.6 to 18.2 months in BCLC-B stage, and between 6.8 and 13.6 in BCLC-C patients [31] [32] [33] [34] [35] [36] . It has to be stressed that similar to other treatments, prognosis after chemoembolization largely depends on liver function [27, 29, 30, [37] [38] [39] , tumor burden before treatment [23, 29, 30, 40] , presence of portal vein invasion [17, 23, 24, 40, 41] , and response to treatment [16, 34] .
In patients with portal vein invasion, the ischemic effect of TACE has precluded its use because of the risk of inducing liver failure. The extent of PVT that contraindicates TACE is still a matter of debate as patients with involvement of a segmental or lobar branch may achieve long-term outcomes that are much better than those expected from natural history, ranging from 5 to 10 months in some Eastern series with branch thrombosis [42, 43] .
Safety Profile
TACE is generally considered a safe procedure. Nevertheless, it is frequently followed by side effects that can eventually be severe. The most common is the postembolization syndrome, consisting of nausea, abdominal pain, and fever. It occurs in more than 40% of patients [44, 45] but is commonly mild and transient. A variable proportion of patients (20-45%) show a transient deterioration of varying degree in liver function after TACE [44, 46] , and some series report acute liver decompensation (appearance of ascites, encephalopathy, or jaundice) in 0.1-3% of the cases [18, 45, 47, 48] . In some series, biliary and gastrointestinal tract injury has been reported in 2-10% [49] [50] [51] and in 1-5% of the patients [45, 52] , respectively. Mortality rates range widely from 0.003 to 10% in the different series [15, 23, 53] , reflecting again the heterogeneity in the treatment population as well as the type of regimen and the frequency of the treatment.
Liver functional reserve is a critical component of a careful selection. Patients should present a relatively well-preserved liver function (mostly Child-Pugh A or B7 without ascites), while those with liver decompensation or more advanced liver failure should be excluded since the ischemic insult can lead to severe adverse events. A recent consensus from a panel of experts has recommended a series of absolute and relative contraindications for the treatment of patients at BCLC-B stage, which also applies to the BCLC-C stage since the contraindication for the treatment of PVT is not universally accepted [54] .
Iñarrairaegui/D'Avola/Sangro and tumor growth [67] . Combination strategies that have been proposed [67] include: i) a sequential schedule in which systemic therapy is started after all TACE sessions are completed, with an adjuvant intention to delay or block the growth of metastasis; ii) a continuous schedule in which systemic therapy is started before the first TACE session and maintained thereafter to provide better interference with the peak production of neoangiogenic factors after each session; and iii) an interrupted schedule in which systemic therapy is put on hold for a few days after each TACE session to reduce the chance of synergistic toxicity.
Several clinical trials are currently evaluating the effect of conventional TACE or DEB-TACE with systemic agents on the outcome of patients with unresectable HCC, using all three schedules [68] . The results of three of these randomized controlled trials are already available. Kudo et al. [69] failed to show an improvement in TTP among patients with unresectable HCC in Child-Pugh A stage with >25% tumor necrosis or shrinkage at 1-3 months following one or two TACE sessions that received sorafenib when compared to those that received placebo (5.4 vs. 3.7 months; p = 0.25). Overall survival was not significantly different between groups. The two other phase II trials were aimed to assess the safety of the combination of sorafenib with conventional TACE [70] or with DEB-TACE [71] . Both trials showed a safe profile, with most adverse events being related to sorafenib and manageable with dose modifications. Preliminary data from the SPACE study (NCT 00494299) were presented at the American Society of Clinical Oncology [72] . This phase II study explored the combination of a continuous regimen of sorafenib with DEB-TACE versus DEB-TACE alone, with TTP as primary endpoint. The hazard ratio for TTP was 0.797 (95% CI: 0.588-1.080; p = 0.072). Although this preliminary efficacy data are encouraging, definitive results of ongoing, large phase III trials (ECOG study -NCT 01004978) are needed to confirm these results.
Radioembolization
Technical Considerations
The term radioembolization (90Y-RE) was proposed by a group of experts to define those procedures in which intra-arterially injected radioactive microspheres are used for internal radiation treatment (mainly in the liver) [73] . The term selective internal radiation therapy (SIRT) has been widely used to name these procedures but it may be confusing since nontransarterial techniques such as high-dose-rate interstitial brachytherapy also provide selective internal radiation.
There are different radioactive isotopes used for the treatment of liver tumors; however, 90Y is the one most commonly utilized due to its specific properties as a pure beta emitter, with a half-life of 64.2 h and a short tissue penetration (mean: cated very stringently in this subgroup of patients who have a poor prognosis for which a survival advantage has not been shown after conventional TACE. Regarding the use of HepaSphere, few data on HCC patients are available but a similar response rate of 51% at 6 months was reported in a multicenter study [60] .
Malagari et al. [61] have reported on 173 patients prospectively enrolled and treated segmentally with DEB-TACE. All patients had underlying cirrhosis (Child-Pugh class A or B) and were in BCLC stages A (22%) and B (78%). The overall survival rate at 1, 3, and 5 years was 93.6, 62, and 22.5%. The majority of patients (74%) were observed to have varying degrees of self-limiting postembolization symptoms. Major complications occurred in 4.1% of the patients and included liver abscess, cholecystitis, pleural effusion, and three cases of irreversible liver failure [61] .
The same authors conducted a prospective randomized comparison of DEB-TACE and bland embolization in 84 cirrhotic patients. The objective response rate according to EASL criteria was higher in the DEB-TACE group than in the bland embolization group at 9 months (55 vs. 31%). However, the survival rate at 12 months was similar in both groups (85.3% for the DEB-TACE group and 86% for the bland embolization group) [62] .
The most recent data published to date comes from the Barcelona retrospective series [63] . A total of 104 well-compensated cirrhotic patients (95% with Child-Pugh A) were treated with DEB-TACE. After censoring for other treatments, the median overall survival was 40.6 months (95% confidence interval (CI): 12.8-84.4) in BCLC-A stage (40% of the patients) and 42.8 months (95% CI: 27.6-58.0) for BCLC-B stage (60% of the patients). However, the median follow-up was 24.5 months and therefore much shorter than the median survival, so this result warrants prolonged follow-up to be confirmed. In order to offer a larger standardization procedure, treatment frequency and schedule should be detailed. Major complications developed in 10% of the patients, and single treatment-related death was at 0.96%.
Combination with Systemic Agents
TACE potentially causes hypoxia in tumors as well as in surrounding liver tissues due to the anticancer effects of chemotherapy and embolization to feeding arteries. Ischemic injury after TACE can induce upregulation of circulating vascular endothelial growth factor (VEGF) [64] , which is essential for HCC growth, invasion, and metastasis. Recent studies have reported a significant association between VEGF upregulation after TACE and poor prognosis [65, 66] growing body of evidence and due to the lack of randomized controlled trials, 90Y-RE is not recommended in the proposed algorithms of treatment in the EASL and AASLD (American Association for the Study of Liver Diseases) guidelines [2, 22] . However, its use is considered in other guidelines such as those by the European Society for Medical Oncology (ESMO) [87] and the National Comprehensive Cancer Network (NCCN) [88] .
First reports in the literature mainly included the application of 90Y-RE for the treatment of unresectable advanced HCC. In the last years, as its use has been extended, some series have reported the outcomes of 90Y-RE in early tumors.
90Y-RE can induce complete necrosis in targeted lesions, as has been suggested by the analyses of 35 explanted livers from patients treated with 90Y-RE, as a bridge or after successful downstaging to liver transplantation. Nearly 90% of the tumors up to 3 cm in size and two-thirds of those between 3 and 5 cm had a complete pathologic necrosis [89] .
In terms of survival, recent series describing outcomes according to tumor stage have reported a consistent median overall survival of around 26 months [35, 83, 84] in patients at early stages (inoperable BCLC-A) after 90Y-RE. This survival is in between the wide range of median survival from 16.8 to 45.4 months reported with TACE/transarterial embolization (TAE) in large series of BCLC-A patients, as previously described [31] [32] [33] [34] [35] [36] 63] . Median TTP in this early stage has been described as long as 25.1 months (95% CI: 8-27 months), i.e., longer than the one observed with TACE in a retrospective, well-balanced comparative study between both techniques (TACE and 90Y-RE) [35] , and this may provide a rationale for its use as a bridge to liver transplantation in an attempt to avoid dropping from the waiting list [90] .
The potential to induce intense tumor responses has allowed 90Y-RE to be used as a downstaging therapy, to reduce the tumor burden within acceptable limits for liver transplantation, to render non-operable patients operable, or to simplify surgery. Besides tumor response, atrophy of the radiated lobe after 90Y-RE and contralateral lobe hypertrophy as a result of the injection of a high-activity 90Y in a lobar hepatic artery, known as 'radiation lobectomy', may contribute to resectability [91] . In the largest series published with 90Y glass microspheres for downstaging HCC to radical therapies, 23 of 35 patients (66%) achieved resection, radiofrequency ablation (RFA), T2 status, or transplant, although 8 of these patients (23%) chose close observation rather than RFA or transplantation, and the 1-and 3-year survival rates achieved were 84 and 27%, respectively [69] . Compared with TACE, downstaging from T3 to T2 was achieved more frequently with 90Y-RE (58 vs. 31%; p = 0.023), and overall survival was in favor of 90Y-RE (censored: 35.7 vs. 18.7 months for TACE, p = 0.18; uncensored: 41.6 vs. 19.2 months, p = 0.008, respectively) [80] . Our group has also analyzed the potential of downstaging HCC with 90Y resin microspheres in patients in T3 stage treated for palliative intent. Overall, 29% of 21 UNOS 2.5 mm). Consequently, isolation for radiation protection is not needed following treatment. There are two types of commercially available radioactive microspheres: 90Y glass microspheres (TheraSphere ® ; MDS Nordion, Ottawa, ON, Canada) and 90Y resin microspheres (SIR-Spheres ® ; Sirtex Medical Limited, Sydney, Australia). Beyond the differences in the materials used for each type of microspheres, these devices differ in the amount of radioactive isotope loaded in each microsphere (larger for glass microspheres), which in turn determines the number of microspheres typically injected in a single treatment (smaller for glass microspheres).
In TACE, particles larger than 100 microns are used to occlude tumor-feeding vessels in order to produce ischemia and to increase the drug exposure of tumor cells. 90Y-RE does not produce an occlusion of large-or medium-sized arteries, and the smaller particles used in radioembolization (20-60 mm) reach the tumor microvasculature, and therefore, high doses of radiation are delivered preferentially to tumor tissues. The efficacy and toxicity of the treatment are thus a consequence of radiation and to some extent of microembolization, but are not due to ischemia.
A simulation of the actual treatment is performed 1-2 weeks prior to radioembolization. It consists of a thorough angiographic evaluation to detect extrahepatic vessels irrigating liver tumors as well as to detect, and to eventually occlude, aberrant vessels arising from hepatic arteries that may feed the gastrointestinal tract (mainly gastroduodenal artery and right gastric artery). During this arteriography, technetium99m-labeled macroaggregated albumin (99mTc-MAA) is injected as a tracer. 99mTc-MAA allows for planar and/or SPECT gamma-camera imaging, which can be used to measure hepatopulmonary shunting and to anticipate an average dose of radiation that could be delivered to tumor areas. Patients can only be considered for 90Y-RE provided that the degree of arteriovenous shunting to the lung is limited, that there is no possibility of microspheres potentially reaching the gastrointestinal tract, and that the liver has had no prior exposure to external irradiation [73] . Liver function must be adequate, without ascites or hepatic encephalopathy, and with a total bilirubin <2 mg/dl [74] .
Clinical Evidence
All the evidence comes from retrospective series or noncontrolled prospective studies [41, [75] [76] [77] [78] [79] [80] [81] [82] without any randomized controlled trials comparing 90Y-RE with other available therapies. However, in the last 3 years four large series have provided valuable information for the different stages of HCC and may allow putting the outcomes in the perspective of other treatments, mainly in terms of survival [82] [83] [84] [85] [86] . Besides, some of these series provide data on toxicity and on surrogate endpoints that are likely to predict clinical benefit, such as objective tumor response rates and TTP. Despite this [97] . For patients who fail to respond to TACE, the only remaining treatment options are either sorafenib or 90Y-RE. In a subset analysis of SHARP studies, survival in patients failing TACE was 11.9 and 9.9 months for the sorafenib and the placebo treatment arms, respectively [97] . By comparison, investigators from the European Network on Radioembolization with 90Y resin microspheres (ENRY) found that survival was 11.4 months for a subset of usual candidates for 90Y-RE (matching the SHARP criteria) and 15.4 months in BCLC-B patients failing TACE/TAE [85] .
Sorafenib is the mainstay for treating advanced HCC, defined by the presence of vascular invasion, extrahepatic disease, or deteriorated performance status in a patient with at least partially preserved liver function. As 90Y-RE has no macroembolic effect [98, 99] , it can be successfully applied to patients with PVT and can offer a similar median survival in the range of 6 to 13 months [83] [84] [85] [86] , being very akin to the 6.5-10.7 months reported in the phase III clinical trials of sorafenib in the same group of patients [100, 101] . However, one must take into account that the extent of PVT also matters. When thrombosis affects the main trunk, survival is more disappointing and ranges between 3.2 and 8 months [80, 86, 102] , while survival extends to 10-14 months in patients with branch thrombosis only (table 2) [80, 81, 86] .
Metastases are not the direct cause of death in the majority of HCC patients; thus, a locoregional treatment may be (United Network for Organ Sharing) T3 stage patients were downstaged and underwent surgical resection or liver transplantation, with a 3-year survival rate of 75% [92] , which is comparable with the survival of patients with early-stage disease who are treated radically at the time of diagnosis.
BCLC stage B patients treated with 90Y-RE have reached a median survival ranging between 16.4 and 18 months [83, 85, 86] , comparable with the median survival achieved by TACE in this stage (15.6-18.2 months) [31] [32] [33] [34] 36] . These findings are confirmed by retrospective analyses of different stages of HCC treated with TACE or 90Y-RE at the same institution in which nearly equivalent survivals between these treatments were found [35, [93] [94] [95] . Salem et al. [35] Besides, not all patients with intermediate-stage HCC are considered good candidates for TACE as those patients with a bulky disease or one affecting both lobes are widely regarded as poor candidates [54] . In this subgroup of intermediate patients, 90Y-RE can improve survival compared with either experimental therapies or best supportive care (16 vs. 8 months; p < 0.05), as shown by a case-control study [96] , and is similar to the me- [86] .
Despite an intense local effect of 90Y-RE on target lesions, progression is usually the result of the growth of new liver lesions, particularly in those patients with more advanced disease. New lesions arise as frequently in the targeted areas as in the non-targeted areas of the liver, reflecting the irrelevant therapeutic effect of Y90-RE on HCC micrometastases, probably due to their poor arterial blood supply. And importantly, the early appearance of new lesions has prognostic relevance since these patients have a much worse prognosis.
The combination of systemic therapy with sorafenib and 90Y-RE is being investigated in two trials, i.e. SORAMIC (NCT 01126645) and STOP-HCC (NCT 01556490), with survival as primary endpoint in non-resectable HCC patients. Finally, two head-to-head comparisons of sorafenib versus 90Y-RE with survival as the primary endpoint are now ongoing (SIRveNIB -NCT 01135056; SARAH -NCT 01482442).
Conclusion
TACE is in fact a very heterogeneous group of procedures that is actually performed in very different ways regarding materials, extent and selectivity of vessel occlusion, and timing of repeated sessions. Good results are generally observed when a reduced number of not very large tumors are embolized in a selective fashion (ideally through a distinct feeding vessel). In the past few years, DEB-TACE has become a reproducible and well-tolerated procedure associated with low complication as well as promising tumor response rates and is a valuable alternative to conventional TACE in some centers. However, all clinical trials conducted so far have failed to show an advantage of DEB-TACE over conventional TACE regarding response rate or overall survival. Secondary endpoints including reduction of drug-related adverse events or increased intratumoral necrosis (which makes the difference between RECIST and EASL criteria) have been successfully proven and are consistent with the well-known characteristics of the beads as shown in preclinical work.
Y90-RE is a form of brachytherapy for liver tumors in which the source of radiation has to access the network of tumoral neovessels after having been injected into the hepatic arteries. Evidence supporting the usefulness of 90Y-RE in the treatment of HCC patients is derived from non-controlled series. Most information comes from patients with advanced HCC who are not suitable for other locoregional therapies or who have failed in TACE. In recent years, however, encouraging experience has been reported in the treatment of HCC patients at earlier stages, including those in considered when a small metastatic burden involves non-vital organs such as bone, adrenal glands, or lymph nodes. Nevertheless, extrahepatic disease is an indicator of disease aggressiveness [102] , and median survival in metastatic patients treated with 90Y-RE is poor, ranging between 5.4 and 7.4 months [83, 85] .
Safety Profile
The toxicity profile of 90Y-RE is favorable and treatment is generally well tolerated. A postembolization syndrome like the one that appears after TACE is not seen; however, in large series several rather mild procedure-related symptoms, including fatigue (54-61%), abdominal pain (23-56%), nausea and vomiting (20-32%), and low-grade fever (3-12%), may ensue that usually last only a few hours [83] [84] [85] [86] . Potentially more serious adverse events resulting from irradiation of non-tumoral tissues include pneumonitis [103] , cholecystitis [104] , gastrointestinal ulceration [105] , and liver damage, but these events are uncommon.
Liver toxicity after 90Y-RE is the most challenging adverse event in HCC patients as the majority of these tumors arise in cirrhotic livers, with some degree of reduced functional reserve. However, it is sometimes difficult to differentiate between the liver damage due to the treatment with 90Y-RE and the deterioration of liver function as a consequence of disease progression of the liver disease. A comprehensive analysis of the data in the literature is hampered by the wide variations between the patient series in the timing of liver function testing after 90Y-RE, in the populations treated, and in the toxicity criteria used. Hyperbilirubinemia has been reported in 3-40% [76, 77, 80, 84, 101, 104] , while hypertransaminasemia or elevation of cholestasis enzymes has been described between 0 and 80% [76, 77, 84, 85, 104, 106] . Signs of liver dysfunction, such as ascites (0-18%) or encephalopathy (0-4%), also vary between series [76, 77, 80, 84, 101, 104] . The only group that has published specific liver toxicity induced by 90Y-RE has described in non-cirrhotic livers a clinical syndrome characterized by jaundice, mild ascites, and a moderate increase in GGT and alkaline phosphatase, histopathologically similar to a sinusoidal obstruction syndrome, which is called radioembolization-induced liver disease (REILD) [107] . Its incidence in cirrhotic patients was 9.3% in the largest series reported so far [108] .
Safety is a special issue in patients with compromised liver flow, similar to those with PVT. In the first and largest series published by the Chicago group, patients with cirrhosis and PVT involving the main trunk had a higher incidence of adverse events (a non-statistically significant increment in bilirubin levels and a significant increase in ascites) [80] . The ENRY series analyzed main clinical adverse events and liver toxicity in the different BCLC stages and observed similar liver toxicity across BCLC stages A through C [85] . Com-poor candidates for TACE, mainly because of bulky disease and PVT, but who still have a good liver function.
In the next years, much attention is likely to be paid to the combination of targeted agents with antiangiogenic activity and locoregional therapies. The results of the ongoing clinical trials will establish the best way of combining sorafenib and other targeted therapies with locoregional procedures, including TACE and Y90-RE.
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which downstaging is likely to be beneficial. There is a group of patients for which the benefit of being treated with 90Y-RE is unlikely or needs to be further substantiated. This group includes patients with diffuse bulky disease involving more than 50% of liver volume as well as patients with a tumoral thrombosis of the main portal trunk and a poor liver functional reserve.
Due to the lack of randomized controlled trials comparing both techniques, it is a difficult question to answer how Y90-RE does compare to TACE in the same patient population. For those patients with small-to medium-sized tumors that can be treated selectively, TACE is certainly the standard of care and can be provided in most centers. Y90-RE could then be an alternative to repeated TACE for patients who fail to respond to initial TACE and a first option for those who are
